Introduction {#sec1-1}
============

Abdominoplasty surgery aims to improve the abdominal wall contour by the removal of excess skin and fat from the abdominal region, rectus sheath plication, and umbilicus transposion. The procedure can be combined with liposuction for further improvement of contour.\[[@ref1][@ref2]\] Postoperative analgesia is an essential requirement after abdominoplasty. Different analgesic techniques have been used starting from intravenous opioids, neuroaxonal techniques, local infiltration, and abdominal wall blocks.\[[@ref3][@ref4][@ref5][@ref6][@ref7]\]

The transversus abdominis plane block (TAPB) is a regional anesthetic technique that targets the injection of the local anesthetic (LA) in the neurovascular plane between the transversus abdominis muscle and internal oblique muscle.\[[@ref8]\] With a single TAPB injection, the sensory block extends to the lower intercostal nerves from T10 to L1, iliohypogastric and ilioinguinal nerves making the block beneficial for midline abdominal incisions and for lower abdominal surgeries.\[[@ref9]\] The TAPB has been administrated in patients undergoing abdominoplasty for providing early postoperative analgesia and so reducing the analgesic requirements.\[[@ref6]\]

The rectus sheath block (RSB) conducted through the medial edge of the rectus abdominis muscle aims to block the terminal branches of 9^th^, 10^th^ and 11^th^ intercostal nerves located in the space between the rectus abdominis muscle and its posterior rectus sheath. It has been used for postoperative analgesia extending along the midline for upper abdominal surgeries, abdominal gynecological procedures, and abdominoplasty.\[[@ref7][@ref10][@ref11]\]

Subcutaneous infiltration (SCI) with LA agents provides analgesia lasting for the early postoperative period and is considered as safe and less expensive when compared with systemic analgesia. It could be combined with either sedation or general anesthesia for various cosmetic procedures such as mini abdominoplasty.\[[@ref3]\]

This study was conducted to demonstrate post-abdominoplasty analgesic duration consequent to three different surgically infiltrated LA techniques: bilateral TAPB, bilateral RSB, and SCI using the same volume of 0.25% bupivacaine. Pain score, total analgesic rescue requests, and the total amount of systemic rescue analgesia used in the first postoperative day in addition to any detected postoperative complications were recorded.

Materials and Methods {#sec1-2}
=====================

In adherence to CONSORT guidelines, this prospective, double-blinded, randomized study was conducted after approval of institutional review board (IRB) of Mansoura faculty of medicine (code no. R/15.08.85) and clinical trial registry (NCT03077581). Written informed consents were obtained from 48 adult patients, American Society of Anesthesiologists physical status I or II, scheduled for abdominoplasty under general anesthesia.

Patients with a history of allergy to any of the used anesthetic drug, on current prescription of an analgesic drug, or with a neurological disease were excluded from this study. Patients were randomly divided by closed envelope method as regards the used technique of LA infiltration into three groups: TAPB group (*n* = 16), RSB group (*n* = 16), and SCI group (*n* = 16) \[[Figure 1](#F1){ref-type="fig"}\].

![Consort flow chart of the studied patients. TAPB = transversus abdominis plane block, RSB=rectus sheath block, SCI = Subcutaneous infiltration](SJA-12-593-g001){#F1}

Standard preoperative assessment was done for all the patients. Patients were fasting at least 6 hours preoperatively. Two hours before surgery, patients received IV ranitidine 150 mg. The patients were educated for the use of a 10-cm visual analogue scale (VAS) to monitor their pain (where 0 represented no pain, and 10 meant the worst possible pain).

On arrival to Operating theatre, the patients were monitored by electrocardiography, non-invasive blood pressure, and pulse oximetry. Intravenous infusion of warmed ringer\'s acetate solution was initiated and 0.03 mg/kg midazolam was given intravenously. After adequate preoxygenation, anesthesia was induced by IV fentanyl 2 μg/kg, propofol 2 to 2.5 mg/kg, and rocuronium 1.2 mg/kg. Tracheal intubation was done and ventilator settings were adjusted to maintain the end-tidal carbon dioxide tension at 30 to 35 mm Hg. Anesthesia was maintained with sevoflurane vaporized in air--oxygen mixture and IV rocuronium incremental doses.

Standard full abdominoplasty technique was performed for all patients with rectus muscle plication. After flap resection and plication of anterior abdominal wall muscles but before closure of skin incision, TAPB and RSB were performed bilaterally by the same operating surgeon after lifting the abdominal wall with a retractor using lipoinjection cannula (a 15-cm straight, blunt-tip, one side-opening, 1.5 mm inner-diameter liposuction cannula; Black Worldwide LLC, Santa Barbara, CA) to inject 20 mL of 0.25% bupivacaine on each side of the abdomen after negative blood aspiration.

In the TAPB group, the needle was advanced in the midaxillary to reach the fascial layer between the internal oblique and transverse abdominis muscles detected by fascial click sensation. The LA was slowly injected to detect any sign of toxicity or incorrect needle tip position requiring needle repositioning, and then TAPB was repeated on the opposite side \[[Figure 2](#F2){ref-type="fig"}\].

![Abdominal wall blocks assisted by the surgeon before incision closure. (a) rectus sheath block. (b) transversus abdominis plane block](SJA-12-593-g002){#F2}

In RSB group, 2 to 3 cm from the midline, the needle was advanced at a right angle till reaching the space between the posterior layer of the rectus sheath and rectus abdominis muscle detected by the firm resistance of the posterior wall. The LA was slowly injected, then the same steps were repeated on the other side \[[Figure 2](#F2){ref-type="fig"}\].

In SCI group, the whole surgical incisional area was infiltrated with 40 mL of 0.25% bupivacaine just before applying skin stitches.

After placement of dressing and an abdominal binder, sevoflurane was discontinued. Neuromuscular blockade was antagonized with 0.04 mg/kg neostigmine and 0.02 mg/kg atropine, and then extubation was performed. Postoperative data were recorded by an independent anesthetist not oriented to the used technique.

A standard postoperative analgesic regimen consisted of IV acetaminophen 1 g every 6 hours in the first postoperative 24 hours used for all patients. Values of VAS were recorded at 0, 2, 4, 6, 8, 12, and 24 hours postoperatively both at rest and during movement (bilateral active knee bending to 90°). When VAS ≥ 4, IV morphine 0.05 mg/kg was administered. The time of the first request for postoperative analgesia, the number of requests, and the total required doses of postoperative morphine in the first 24 hours were recorded. Any intraoperative or postoperative complication was treated appropriately and recorded.

Sample Size and Statistical Analysis {#sec2-1}
------------------------------------

Based on a previous study,\[[@ref12]\] the time for first rescue analgesia following SCI after abdominal surgery was 5.1 hours (SD ± 0.8 hours). Authors considered a 25% increase in analgesic duration (to 6.3 hours) to be clinically significant. Assuming an α error of 0.05, β error of 0.1, and a power of 90%, 14 patients were needed in each group. Allowing for dropout of 10%, 16 patients were needed in each group to detect the clinical effect.

Data entry and analyses were performed using SPSS statistical package version 21 (SPSS, Inc., Chicago, IL, USA). The data were examined for normal distribution using Shapiro--Wilk\'s test. For continuous parametric data, one-way analysis of variance (ANOVA) was used with *post hoc* analysis for means ± SD, while nonparametric continuous or categorical data were reported as median or frequency as appropriate, and Kruskal--Wallis Test was applied. The statistical significance level was set at *P* \< 0.05.

Results {#sec1-3}
=======

Demographic and surgical characteristics of the patients in the three studied groups did not show a statistically significant difference \[[Table 1](#T1){ref-type="table"}\].

###### 

Patients characteristics of the three studied groups. Data are presented as absolute numbers or mean±SD

![](SJA-12-593-g003)

\[[Figure 3](#F3){ref-type="fig"}\] describes the analgesic profile on the first postoperative day. Analgesic duration presented as the time to the first analgesic request was significantly longer in the TABP group in comparison with both the RSB and SCI groups. The number of analgesic requests and total morphine consumption were statistically lower in the TAPB group than in the two other groups.

![The analgesic profile on the 1st postoperative day. TAPB = Transversus abdominis plane block, RSB = Rectus sheath block, SCI = Subcutaneous infiltration. Values are mean ± SD \*significance in comparison with SCI group ^†^significance in comparison with RSB group](SJA-12-593-g004){#F3}

VAS score measurements at rest and during movement were described in \[Figures [4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"}\]. Although statistical significance could not be reached except in the fourth hour after surgery, a clinically significant decrease in VAS was observed in the TAPB group.

![Visual analog scale (VAS) scores for pain degree at rest of the studied groups. Scale: 0= no pain to 10=worst pain imaginable. Values are median. \*Significance in comparison with SCI group *P* value is significant if less than 0.05](SJA-12-593-g005){#F4}

![Visual analogue scale (VAS) scores for pain degree during movement of the studied groups. Scale: 0= no pain to 10=worst pain imaginable Values are median. \*Significance in comparison with SCI group *P* value is significant if less than 0.05](SJA-12-593-g006){#F5}

One case in the TAPB group and another case in the SCI group complicated with seroma managed conservatively. Wound dehiscence was recorded in two cases: one in the TABP group and the other in the RSB group.

Discussion {#sec1-4}
==========

Abdominoplasty is a commonly performed aesthetic procedure for which adequate analgesia reduces stress response and facilitates earlier rehabilitation and recovery.\[[@ref3][@ref7][@ref13]\] This study compared the effectiveness of three surgically assisted techniques for pain control after abdominoplasty. Postoperative mean morphine consumption was significantly lower in both the TAPB and RSB groups. Also, a significantly longer postoperative analgesic duration was detected in the TAPB group (15.1 ± 7.3 hours) compared with the RSB group (8.3 ± 2.8) and the SCI (4.2 ± 1.6) group.

Pain following the abdominal surgery has two components: somatosensory pain originating from the cutaneous, subcutaneous, and muscular layers of the incision site and visceroperitoneal inflammatory pain of viscera and deeper peritoneal layers.\[[@ref14][@ref15]\] Moreover, intraoperative repeated traction will induce muscle spasm that adds to the intensity of postoperative pain.\[[@ref14]\]

Abdominoplasty is an extraperitoneal surgical procedure devoid of visceroperitoneal pain component. Besides the extensive incision, most of pain is initially related to the fascial plication of the abdominal wall.\[[@ref16]\] Administration of TAPB or RSB in abdominoplasty are suggested to provide a valuable analgesic effect as both technique provide analgesia for the skin and muscles of the anterior abdominal wall.\[[@ref17][@ref18]\]

Traditionally, TAPB and RSB have been administered percutaneously based on the anatomical landmarks and the pop sensation.\[[@ref11][@ref19][@ref20]\] The main risk of this blind technique is false needle placement and visceral organ injuries.\[[@ref21][@ref22]\] The sonographic-guidance may prevent probable complications through visualization of anatomical structures and the exact needle site.\[[@ref23][@ref24][@ref25][@ref26]\]

However, US guidance is not devoid of challenges, especially in obese patients with redundant abdominal wall and thick fat folds. Difficult patient positioning, unsuccessful identification of anatomic landmarks, and lack of suitable equipment require more experience and multiple attempts before achieving a successful block. Additional problems include the postoperative tissue edema, the presence of drains, and wound dressing.\[[@ref20][@ref27][@ref28]\]

In this study, surgically infiltrated TAPB and RSB allowed perineural injection with insignificant effort and shorter time consumption. In addition, this approach avoids the escape of the infiltrated LA volume from wound edges, a problem that is anticipated in other surgical infiltration techniques.\[[@ref29][@ref30]\] Furthermore, blunted tip lipoinjection cannula prevents injury of blood vessels or nerves during injection with loss of resistance.\[[@ref31]\]

In our results, TAP block has shown best analgesic efficacy among the three used techniques. TAP block was used for analgesia in most varieties of abdominal surgeries.\[[@ref20][@ref26][@ref32][@ref33]\] In two studies using the same volume and concentration of our study, perineural bupivacaine in TAP space produced similar postoperative VAS values. Bharti *et al*. studied 20 patients scheduled for the colorectal surgery via a midline abdominal incision. Patients received bilateral TAPB after piercing the parietal peritoneum from inside the anterior abdominal wall at the end of the surgery before fascial closure.\[[@ref29]\] Also, before starting major abdominal surgery for 15 patients, Bjerregaard *et al*.\[[@ref20]\] conducted bilateral TAPB via two catheters. Higher pain scores than the values of the matched time points from this study\[[@ref29]\] are anticipated, because of the additive effect of visceral pain component in abdominal surgeries as discussed above.

In this study, superiority of TAPB over RSB and SCI is also apparent as a significantly longer analgesic duration. Time to first analgesic demand was 15.1 ± 7.3, 8.3 ± 2.8, 4.2 ± 1.6 hours for TABP, RSBP, and SCI, respectively. In a study on 22 patients undergoing appendectomy, US-guided right side TAPB using 20 mL of 0.5% levobupivacaine before skin incision, the time to first analgesia was 100 minutes.\[[@ref34]\] Also, when 0.75% ropivacaine was used for bilateral TAPB at the end of cesarean delivery of 25 patients, the median (interquartile range) time to first request for morphine was 220 (150, 380) minutes.\[[@ref35]\] When comparing with the TAPB group of this study, longer analgesic duration can be explained by the absence of visceroperitoneal pain, and the different LA used as bupivacaine is an amidic lipophilic LA which has a longer duration of action (up to 20 hours) than levobupivacaine and ropivacaine.\[[@ref36]\]

The study done by Shabana *et al*. assessed RSB-induced analgesia after abdominal surgeries.\[[@ref37]\] Before closure of midline incisions of 25 patients, RSB was applied via a catheter, inserted under direct vision, with 20 mL of 0.25% isobaric bupivacaine on each side. At 6 hours postoperatively, the mean VAS value at rest and on movement is almost comparable with VAS values in this study. In a study of Anwar *et al*.\[[@ref7]\] in abdominoplasty where rectus sheath was infiltrated after plication with 30 mL on each side of bupivacaine 2 mL/kg plus clonidine 1 mcg/kg, the requirements of patient-controlled analgesia were significantly reduced in the immediate postoperative period. This is similar to the results of the RSB group in this study as the mean postoperative pain free duration was 8.3 ± 2.8 hours even though using no adjuvant.

The LA infiltration of the wound layers could not counteract the postoperative muscles spasm pain.\[[@ref38]\] This could explain the shortest analgesic duration of SCI group in this study compared with the other two groups. In a study of Shah,\[[@ref12]\]100 patients who underwent different abdominal surgeries received infiltration of the wound and the surrounding tissues before applying skin stitches. The mean postoperative pain free period was 5.1 ± 0.8 hours. That was to some extent close to the result of SCI group of this study due to the use of the same volume and concentration of bupivacaine although with more extensive incision of abdominoplasty.

Limitations of this study include the type of needle used (liposuction needle). Authors used this needle because of its availability plus its blunt tip which is considered a favorable feature that decreases organ damage and increases detection of fascial pop sensation. Also, the used technique is not totally under direct vision which still poses some risk. However, the approach used in this study did not increase in the incidence of complications, when compared with both blind and US-guided techniques.

Conclusion {#sec1-5}
==========

Among the surgically infiltrated analgesic techniques for abdominoplasty, bilateral TAPB offered a longer postoperative analgesic duration and lesser morphine consumption when compared with RSB and SCI.
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